The objective of this study was to explore whether increased levels of inflammatory cytokines are associated with the risk of clinically silent coronary artery disease. Subjects: Three-hundred-fifty-six black adults aged 25-54 residing in inner city of Baltimore, Maryland, United States were included in this study. Methods: Sociodemographics were assessed as were lipid profiles, IL-6, tumor necrosis factor-alpha (TNF-alpha), soluble intercellular adhesion molecule-1 (sICAM-1), and high-sensitivity C-reactive protein (hs-CRP) levels. Computed tomography (CT) coronary angiography was performed. Results: Coronary calcification was identified in 22.5 % participants and 14 % had significant (≥50 %) coronary stenosis. Multiple logistic regression analyses suggested that IL-6 levels were independently associated with the presence of coronary calcification and significant coronary stenosis, while TNF-alpha, sICAM-1 and hs-CRP levels were not. Conclusions: This study underscores a critical role for IL-6 in atherosclerosis and suggests that IL-6 may be a marker for significant coronary stenosis in cardiovascularly asymptomatic individuals.
Introduction
Atherosclerotic coronary artery disease (CAD) is characterized by the accumulation of atheromatous plaques within the walls of the coronary arteries. In the development of coronary atherosclerosis, as an indicator of atherosclerotic disease, calcium precipitates in the coronary artery wall [1] . Black adults have the highest CAD mortality rate of any ethnic group in the United States [2, 3] . Young and middle-aged blacks have a disproportionately high cardiovascular morbidity and mortality [4] [5] [6] [7] [8] [9] . Although the risk factors for CAD have been extensively investigated in general [10] , the factors that influence CAD in blacks, especially black adults residing in inner-city with lower socioeconomic status, are poorly documented. In addition to traditional risk factors, novel risk markers, such as, IL-6 and high-sensitivity C-reactive protein (hs-CRP), may provide greater insight into the arterial insult and underlying risk burden. The objectives of this study were (1) to estimate the prevalence of coronary calcification, coronary plaques, and coronary stenosis, including significant (≥50 %) coronary stenosis in cardiovascularly asymptomatic blacks residing in inner-city neighborhoods in Baltimore, Maryland; and (2) to explore whether increased levels of inflammatory cytokines, IL-6, TNF-alpha and sICAM-1, are independently associated with the risk of clinically silent CAD in this population. Clinically silent (asymptomatic and undiagnosed) CAD was examined with coronary CT angiography and the presence of coronary calcification, plaques, and stenosis was presented.
tional study investigating the factors that are associated with subclinical atherosclerosis. Interviews about sociodemographics and drug-use behaviors, clinical examinations, electrocardiograms (ECGs), echocardiographic examinations, lipid profiles, high sensitivity C-reactive protein tests, cytokines assays for IL-6, TNF-alpha, and sICAM-1 and spiral computed tomographies (CTs) for coronary calcium (CAC) were performed.
The participants included subjects with HIV infection (40 %), subjects with cocaine use (77 %), subjects with both (31 %), and subjects with neither (14 %). Inclusion criteria were age between 25 and 54 years and black race. Exclusion criteria were 1) any evidence of hypertension or ischemic heart disease, on the basis of clinical history, previous hospitalization for myocardial infarction, angina pectoris, or ECG and/or echocardiographic evidence of previous myocardial damage by ischemic heart disease; 2) any symptoms believed to be related to cardiovascular disease; and 3) pregnancy. Information about sociodemographics, medical history, medication use, and cocaine-use behaviors was obtained by interviewer-administered questionnaires. The Committee on Human Research at the Johns Hopkins Bloomberg School of Public Health approved the study protocol, and all study participants provided written informed consent. All procedures used in this study were in accordance with institutional guidelines. Although the overall investigation is a cohort study, the data presented here are cross-sectional only.
Measurement of Lipids
Venous blood samples were obtained after an overnight fast from a large antecubital vein. Serum was separated by centrifugation 2000 g for 15 minutes at 4 0 C and stored at -75 0 C until assayed. Serum lipid parameters, including total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL), and low-density lipoprotein cholesterol (LDL) were directly determined with the use of a Roche Hitachi 747 analyzer (Englewood, NJ).
Cytokine Analysis
Blood was collected, centrifuged at 2000 g for 15 minutes at 4 0 C, aliquoted and stored in a -70 freezer until analyzed. Serum levels of IL-6, TNF-alpha and sICAM-1 were determined using commercially available enzyme-linked immunosorbent assay (EIA) kits (R&D Systems, Minneapolis, MN). Serum samples were tested in duplicate according to the manufacture's instructions. The plates were read immediately after application of the stop solution. The optical density of each sample was determined using VERSAmax tunable microplate reader (Molecular Devices, Sunnyvale, CA). Results were calculated from a standard curve and reported accordingly in picograms or nanograms per milliliter. The minimum detectable dose for each cytokine measured is: IL-6 is <0.7 pg/ ml: TNF-alpha is 1.6 pg/ml and sICAM-1 is <0.33 ng/ml.
Blood Pressure Measurement
Systolic and diastolic sitting blood pressure (BP) was measured twice with a standard mercury sphygmomanometer. A nurse at the clinic measured the study participant's arm circumference and applied a correctly sized cuff. The participant sat quietly for 5 minutes, and then the nurse obtained the systolic and diastolic blood pressure measurements; a second measurement was made 3 minutes later. The average of the two readings was reported.
Coronary CT angiography with a 64 slice Siemens MDCT scanner
A noncontrast MDCT scan was performed on a Sensation 64 Cardiac Siemens Medical Solutions scanner (Erlangen, Germany) to determine the coronary artery calcium score with a sequential scan of 3-mm slices with prospective ECG triggering, 30 Å~ 0.6-mm detector collimation, and tube current 135 mAs at 120 kV. Subsequently, coronary CT angiography (CTA) was performed with the same equipment using 80 mL of isosmolar contrast agent (320 mg iodine/mL) injected at 4-5 mL/s. Imaging was performed with retrospective ECG-gating, 32 Å~ 0.6-mm detector collimation with flying focal spot to give effective detector collimation of 64 x 0.6 mm, 330 ms gantry rotation, 850 mAs and 120 kV. Subsequently, 0.75-mm thick axial slices were reconstructed at 0.4-mm intervals with B25 kernel using a half-scan reconstruction algorithm with resulting temporal resolution of 165-185 ms. Ten reconstructions were done through the cardiac cycle at 10 % increments in the R-R interval. If needed, patients were premedicated with metoprolol prior to the scan to achieve a heart rate <65 beats per minute.
Coronary artery calcium score, volume, and mass were measured on a workstation (Leonardo, Syngo, Siemens Medical Solutions, Malvern, PA). Regions of interest were placed over each of the coronary arteries with the threshold for pixels greater than 130 HU for determining calcified plaque. Coronary arteries were assessed for patency and stenosis using 3D visualization tools after the axial images were reviewed for determination of anatomy, quality of the study, and appearance of the vessels.
Two reviewers (H.P and E.K.F) independently evaluated the contrast-enhanced MDCT scans by reviewing the axial slices, curved multiplanar reformations, and thin-slab maximum intensity projections. The coronary artery tree was segmented according to the modified American Heart Association classification and the segments were investigated for plaque and luminal narrowing. Vessel plaque and diameter were assessed on 2D multiplanar reconstruction (MPR) and 2D thin slab maximum intensity projection (MIP) images. 3D volume rendered (VR) images were used to display long segments of the vessels and their branches. The coronary arteries were divided into proximal, mid, and distal segments, with each segment investigated for luminal narrowing. Plaques were classified as calcified or noncalcified and the degree of stenosis was classified as less than or greater than 50 % diameter stenosis. Noncalcified atherosclerotic plaque was defined as a soft tissue attenuation structure in the coronary artery wall with a CT density that was less than that of calcified plaque as well as less than that of the contrast in the lumen but was greater than the adjacent epicardial fat. For determining the mean attenuation of noncalcified plaques, the vessel segment was displayed in the short axis plane orthogonal to the vessel or the long axis plane of the vessel on 0.75 mm thick slices in multiplanar reformation. The plane that demonstrated the thickest width of the plaque was selected for measuring the attenuation. The largest possible region of interest was then manually placed in the plaque avoiding overlap with adjacent tissue or vessel lumen. Window width and level were interactively adjusted by the reader for each case to optimize display of the lumen and surrounding soft tissues. A percent diameter stenosis ≥50 % was defined as significant coronary stenosis.
Statistical Analysis
Statistical analysis was performed with SAS (Statistical Analysis System, Cary, North Carolina, USA). All continuous parameters were described by means and standard deviations (SDs), and all categorical parameters were summarized as proportions. To examine the associations of demographic, clinical characteristics and levels of cytokines with the presence of significant coronary stenosis, we used Student t test for continuous variables and chi-square test for categorical variables. Univariate logistic regression analysis was performed to examine crude associations between the presence of significant coronary stenosis and each of covariates, including demographic factors, cigarette smoking, alcohol use, body mass index (BMI), systolic and diastolic blood pressures, total cholesterol, HDL, LDL, triglycerides, HCV seropositivity, and elevated IL-6 (>1 pg/ml), individually. Those variables that exhibited statistical significance at the 0.10 or lower levels in univariate logistic regression models were jointly entered into a multiple logistic regression model and those that ceased to be significant were deleted, yielding the final model. All P values reported are 2-sided.
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Results

General Characteristics
Demographic and clinical characteristics of the study participants are presented in Table 1 . Of the 377 participants in this study, 356 included in this study since the data on cytokines were not complete in 21 participants. Of these 356, 122 (34.3 %) were women. The mean age (± SD) was 42.8 ± 6.3 years. Eighty-seven percent of the study participants were cigarette smokers, 21 % had family history of heart attack. The mean cholesterol level was 172.5 ± 36.7 mg/dl, mean systolic blood pressure was 113 ± 12 mmHg, and mean diastolic blood pressure was 75 ± 9 mmHg. Forty percent were HIV-infected, and 77 % were chronic cocaine users. Approximately 50 % were HCV antibody-positive. The Framingham risk score was 4.1 ± 3.1. Coronary plaques have been identified in 28 % of the total participants studied and 14 % of total subjects had significant (≥50 %) coronary stenosis. Among those who had coronary plaques, 75 % had calcified plaques and 25 % had noncalcified plaques. Among those who had significant coronary stenosis, 81 % had calcified plaques and 19 % had noncalcified plaques.
Association between Significant Coronary Calcification and IL-6 Levels
IL-6 levels were marginally associated with the presence of coronary calcification (p = 0.11) by univariate analysis. After controlling for age, HDL, LDL, IL-6 levels were significantly associated with the presence of coronary calcification (p = 0.024). In contrast, CRP levels were not associated with the presence of coronary calcification (p = 0.92). Furthermore, neither TNF-alpha nor sICAM-1 were associated with presence of coronary calcification (Table 2) .
Association between Significant Coronary Stenosis and IL-6 Levels
According to univariate logistic regression analyses, age (p <0.0001), female gender (p = 0.01), family history of heart attack (p = 0.097), LDL (p = 0.014), HDL (p = 0.017), total cholesterol (p = 0.0003), diastolic blood pressure (p = 0.037), and IL-6 (p = 0.10) were significantly associated with the presence of significant coronary stenosis (Table 3) . Multiple logistic regression analysis revealed that age (p <0.0001), diastolic blood pressure (p = 0.004), LDL (p = 0.014), and IL-6 level (p = 0.019) were independently associated with the presence of significant coronary stenosis (Table 3) . 
Association between IL-6 Levels and HIV infection
Although HIV infection was not significantly associated with significant stenosis, both HIV infection (OR = 2.36, 95 %CI: 1.41-3.95) and CRP> = 2.0 mg/dl (OR: 2.01, 95 %CI: 1.20, 3.37) were independently associated with elevated IL-6. This suggests that HIV infection may indirectly promote premature atherosclerosis. In contrast to the IL-6 data, serum levels of TNF-alpha and sICAM-1 did not correlate with the development of coronary stenosis.
Discussion
Recent studies have implicated inflammatory processes and the generation of IL-6 in the early development of atherosclerosis [11, 12] . Earlier studies have established that coronary calcification is an indicator of atherosclerosis [13] . In this study asymptomatic subjects were evaluated for silent CAD using coronary CT angiography to determine the pres- OR, odds ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein, hsCRP, high sensitivity C-reactive protein. Serum IL-6 levels associated with significant coronary stenosis 19 ence of calcification, plaques and stenosis. We found that in young to middle aged black adults from the inner city there is an independent, positive association between IL-6 levels and the presence of coronary calcification. More importantly, our data also suggests that elevated IL-6 levels, not CRP (p = 0.8), were a strong and independent predictor of clinically silent CAD. Over the past decade inflammation has been identified as a critical component in cardiovascular pathology [14] [15] [16] . Furthermore, increasing evidence supports the involvement of inflammation in the various stages of the atherosclerotic process [14] . IL-6, in particular, a potent inflammatory cytokine that is produced by several cell types, including activated macrophages, endothelial cells and smooth muscle cells, has been recognized as a potential marker linked to cardiovascular events.
IL-6 regulates the inflammatory system in a variety of ways, for example, it plays an essential role in mediating the acute phase response by up-regulating the hepatic synthesis of acute phase reactants, such as, CRP. Moreover, IL-6 also influences diverse cellular actions, including, effects on platelets, endothelium, factors of metabolism and coagulation [17, 18] . Numerous investigations have reported that increased levels of IL-6 and CRP are associated with increased cardiovascular disease, atherosclerosis and myocardial infarction (MI) [19] [20] [21] . In addition, enhanced levels of IL-6 in the circulation have been observed in unstable angina, acute MI and chronic heart failure [21] [22] [23] . Moreover, IL-6 has been shown to be an independent risk factor for future MI, is associated with impaired short-and long-term prognosis in patients with acute coronary syndromes and has been found in atherosclerotic plaques [24] [25] [26] . In addition, studies have revealed that IL-6 levels are associated with subclinical atherosclerotic lesions independent of traditional risk factors [27] . More recently, Noto et al reported that in patients with clinical CAD, increased levels of CRP, sICAM-1, 8-isoprostone and IL-6 were good predictors of critical coronary stenosis and that these plasma biomarker levels increased with the number of diseased vessels [28] . Furthermore, they show in this population of patients, that IL-6 levels were the best predictor of critical coronary stenosis with the highest sensitivity and specificity. Our findings herein extend this data and show that in pre-clinical (asymptomatic) CAD individuals, IL-6 levels correlate with significant coronary stenosis.
In this study 40 % of our participants were HIV positive. It is known that IL-6 is up-regulated in variety of clinical conditions, such as, injury, trauma, and during infections [29] . Previously, it has been reported that HIV individuals have elevated levels of IL-6 [30] . Our data demonstrate that HIV infected individuals were 3.4 times more likely to have elevated IL-6 (OR = 3.4, 95 %CL (1.9, 6.1)) than noninfected individuals. However, HIV infection alone was not associated with significant stenosis but was independently associated with increased IL-6.
Inflammation can be observed in three stages of the atherosclerotic process, at early development of atherosclerosis, at progression of the atherosclerotic plaque, and at acute plaque rupture [11, 31] . Immune cells, including macrophages, and T-lymphocytes, have been found in human fatty streaks, the earliest stage of the disease process [32, 33] suggesting that immune reactivity may play an initiating or early role in the development of the lesion. Numerous cytokines, such as TNF-alpha and IL-6, and growth factors have also been found within atheromatous lesions at all stages [31, 34, 35] . Plaque rupture also involves inflammatory mechanisms. Rupture occurs at sites of the fibrous plaque where activated macrophages enter [31, 36] and have been reported to release proteolytic enzymes, including metalloproteinases and collagenases [37] .
In addition to evaluating IL-6 in this study, we also measured TNF-alpha and sICAM-1. Both of these molecules have been previously associated with cardiovascular disease [27, 38] . However, in this study, neither TNF-alpha nor sICAM-1 was associated with significant coronary stenosis. In fact, unlike IL-6, TNF-alpha was detected in a limited number of individuals. One explanation may be the fact that TNF-alpha signals locally and has a short half-life in the circulation. Furthermore, released TNF-alpha binds rapidly to its cell surface receptor and this may make serum levels difficult to measure [39] . Likewise, sICAM-1, an adhesion molecule up-regulated during inflammation also did not correlate with significant stenosis. Further analysis of our data revealed that increased levels of IL-6 were significantly associated with elevated TNF-alpha (OR = 14.0, 95 % CL (5.4, 36.3)). This is not surprising in view of the fact that these two pro-inflammatory cytokines are often co-expressed in a number of conditions. Nevertheless, TNF-alpha was detected in fewer individuals then IL-6 and again this could be due to the rapid clearance of this molecule.
Of note was the observation that age was significantly associated with increased IL-6 (OR = 1.05, 95 %CL (1.01, 1.10)). In this report, our mean age was 42.8 ± 6.3 and our range was 25-54 years of age. A number of groups have analyzed IL-6 in healthy young and old subjects [40] . Some studies revealed that increased IL-6 levels are more frequently detected in the older populations. However, this has not been a consistent observation and additional studies will be needed to confirm these findings.
This study has several limitations. First, the study participants were not a random sample of the inner-city black populations. Thus, the results must be interpreted with caution. Second, the study was a cross-sectional investigation in nature and the findings should be confirmed by longitudinal studies. Third, although non-invasive CTA provide an excellent diagnostic tool, revealing the atherosclerotic burden, 10 to 14 % of coronary arterial segments visualized by CT angiography are not assessable [41] . Nevertheless, recent studies have reported excellent diagnostic accuracy for 64-slice MDCT in the detection of significant stenosis in smaller coronary artery segments and side branches (sensitivity of 86 % to 94 %; specificity of 93 % to 97 %) [42] [43] [44] [45] . Despite these limitations, this is the first study, which has reported that IL-6 levels are independently associated with clinically silent CAD in a cardiovascularly asymptomatic black population and the associated risk factors. Since our study population was in black individuals only, future studies with more diverse populations will be necessary to determine if this is a generalized finding or specifically associated with the black population. This study underscores a critical role for IL-6 in atherosclerosis and suggests that IL-6 may be a marker for significant coronary stenosis.
